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© A soluble molecule related to but distinct from ICAM-1. 



© The present invention relates to a soluble form 
of Intercellular adhesion molecule (slCAM-1) and pu- 
rified and Isolated human slCAM-1. This invention 
also relates to a purified and isolated DNA sequence 
encoding slCAM-1. The extracellular domain of 
slCAM-1 and insoluble ICAM-1 are substantially the 
same. ICAM-1 is involved in the process through 
which lymphocytes attach to cellular substrates dur- 
v—ing inflammation and serves as the major human 
^ rhino virus receptor (HRR). sICAM-1 therefore has 
^both the property of reducing immune inflammation 
q and inhibiting infection of rhinovirus and CoxsacWe A 
CD virus. 
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A SOLUBLE MOLECULE RELATED TO BUT DISTINCT FROM ICAM-1 



BACKGROUND OF THE INVENTION 

The present invention relates to a soluble form 
of intercellular adhesion molecule (s ICAM-1) as 
well as the DNA sequence encoding slCAM-1. 5 
slCAM-1 and ICAM-1 have substantial similarity, in 
that they share the first 442 NtVterminal amino 
acids of the extracellular domain. However, sICAM- 
1 differs from ICAM-1 at the C-termlnus, and these 
changes confer solubility to sICAM-1. ICAM-1 is io 
known to mediate adhesion of many cell types, 
including endothelial cells, to lymphocytes which 
express lymphocyte function-associated antigen-1 
(LFA-1). ICAM-1 has the property of directly bind- 
ing LFA-1. There is also evidence for LFA-1 me- 75 
diated adhesion which is not via ICAM-1. Addition- 
ally, ICAM-1 has the ability to bind both LFA-1 and 
human rhinovirus. It has the property of inhibiting 
infection of rhinovirus and Coxsackie A viruses. It 
may be used to antagonize adhesion of cells me- zo 
dfated by ICAM-1 binding including ICAM-1/LFA-1 
binding and thus be useful in treatment of In- 
flammation, graft rejection, LFA-1 expressing tu- 
mors, and other processes involving cell adhesion. 
Based on the substantial similarity of the extracel- 25 
lular domains of ICAM-1 and slCAM-1, slCAM-1 
has the properties identified for ICAM-1. 

The major Human Rhinovirus Receptor (HRR) 
has been transfected, Identified, purified and recon- 
stituted as described in co-pending U.S. Patent so 
Applications Sure. No. 262570. and 262428 filed 
October 25, 1988. This receptor has been shown to 
be identical to a previously described cell surface 
protein, ICAM-1. European Patent Application 0 289 
949 describes a membrane associated cell adhe- 35 
slon molecule (ICAM-1) which mediates attachment 
of many cell types Including endothelial cells to 
lymphocytes which contain LFA-1. This patent ap- 
plication provides a discussion of the present re- 
search in the field of intercellular adhesion mol- 40 
ecules. ft is important to note that the inventors 
specifically looked for an alternatively spliced 
mRNA for ICAM-1 and did not Identify one. ICAM-1 
was first Identified based on Ks role in adhesion of 
leukocytes to T-cells (Rothlein, R. et al, J. Im- 46 
munol. 137 : 1270-1274 (1886)) which has-been 
shown to be mediated by the heterotypic binding 
of ICAM-1 to LFA-1 (Marlin et al. Cell 51: 813-619 
(1987)). The primary structure of ICAM-1 has re- 
vealed that It is homologous to the cellular adhe- so 
slon molecules Neural Cell Adhesion Molecule 
(NCAM) and Mylein-Asociated Glycoprotein (MAG), 
and has led to the proposal that ft is a member of 
the immunoglobulin supergene family (Simmons et 
al. Nature 331: 624-627 (1988): Staunton et al. Cell 



52: 925-933 (1988) The DNA sequence of cDNA 
clones are described in the above referenced pa- 
pers by Simmons et al and Staunton et al, supra, 
from which the amino acid sequence of ICAM-1 
can be deduced. The ICAM-1 molecule has a typi- 
cal hydrophobic membrane spanning region con- 
taining 24 amino adds and a short cytoplasmic tail 
containing 28 amino acids. The ICAM-1 of the prior 
art is an insoluble molecule which is solublllzed 
from cell membranes by lysing the cells in a non- 
ionic detergent. The solubilized ICAM-1 mixture in 
detergent Is then passed through a column matrix 
material and then through a monoclonal antibody 
column matrix for purification. 



SUMMARY OF THE INVENTION 

The present invention provides an endogenous 
alternatively spliced molecular species of ICAM-1 
designated slCAM-1 which displays an alternative 
mRNA sequence and which is soluble without the 
addition of a detergent 

The present invention provides purified and 
isolated human soluble intercellular adhesion mol- 
ecule (slCAM-1), or a functional derivative thereof, 
substantially free of natural contaminants* slCAM-1 
can be obtained from HeLa, HE1 and primary tran- 
sfectant cells thereof characterized by being solu- 
ble In the absence of noniontc detergents and 
being the translation product defined by a novel 
mRNA sequence. This natural product of human 
cells has the advantage of being secreted from 
cells in a soluble form and not being immunogenic. 
The natural soluble product differs from the natural 
insoluble product in that the soluble product con- 
tains a novel sequence of 11 amino acid residues 
at the C-termlnus and does not contain the mem- 
brane spanning and cytoplasmic domains present 
in the insoluble form. 

The present invention provides a purified and 
isolated DNA sequence encoding sICAM-1 as well 
as a host cell encoding said sequence. 

The present Invention provides a method of 
recovering soluble intercellular adhesion molecule 
in substantially pure form comprising the steps of: 

(a) removing the supernatant from unlysed 

cells, 

(b) introducing the supernatant to an affinity 
matrix containing immobilized antibody capable of 
binding to sICAM-1. 

(c) permitting said sICAM-1 to bind to said 
antibody of said matrix, 

(d) washing said matrix to remove unbound 
contaminants, and 
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(e) recovering said slCAM-1 In substantially 
pure form by eluting said slCAM-1 from said ma- 
trix. 

Further purification utilizing a lectin or wheat 
germ agglutinin column may be used before or 
after the antibody matrix step. Other purification 
steps could Include sizing chromotography, ion 
chromotography, and gel electrophoresis. Further 
purification by velocity sedimentation through su- 
crose gradients may be used. The antibody ca- 
pable of binding to siCAM-1 could include anti- 
bodies against ICAM-1 or HRR. 

The present Invention Includes polyclonal anti- 
bodies against slCAM-1. 

The present invention further includes an anti- 
body specific for slCAM-1, capable of binding to 
the slCAM-1 molecule and that is not capable of 
binding to ICAM-1. For a method for producing a 
peptide antisera see Green et al, Cell 28: 477-487 
(1982). 

The invention also includes a hybridoma cell 
line capable of producing such an antibody. 

This invention further includes the therapeutic 
use of antibodies specifically directed to slCAM-1 
to increase the adhesion of cells mediated by 
ICAM-1 and LFA-1. 

The invention further ncludes a method for 
producing an antibody which is capable of binding 
to slCAM-1 and not to ICAM-1 comprising the 
steps of 

(a) preparing a peptide-protein conjugate 
said peptide-protein conjugate specific to at least a 
portion of the unique 11 amino acid seuqence 
present in slCAM-1, 

(b) immunizing an animal with said peptide- 
protein conjugate, 

(c) boosting the animals, and 

(d) obtaining the antisera. 

The antibodies would be capable of binding to 
slCAM-1 and not capable of binding to ICAM-1 . 
The invention Includes the hydridoma cell line 
which produces an antibody of the same specific- 
ity, the antibody produced by the hybridoma cell 
and the method of production. 

The invention further includes a method of in- 
hibiting lymphocyte function associated antigen 
(LFA-1) and intercellular adhesion moiecule-1 
(ICAM-1) interaction comprising the step of con- 
tacting LFA-1 containing cells with slCAM-1 or a 
functional derivative thereof. This method of inhibi- 
tion of ICAM-1 adhesion has application in such 
disease states as inflammation, graft rejection, and 
for LFA-1 expressing tumor cells. 

This invention further Includes a method of 
diagnosis of the presence and location of an LFA-1 
expressing tumor cell. 

This invention further includes a method for 
substantially reducing the infection of human 



rhinoviruses of the major receptor group compris- 
ing the step of contacting the virus with slCAM-1 or 
a functional derivative thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide and amino 
acid sequence of slCAM-1. 

10 Figure 2 is a comparison of the C-terminal 

regions of slCAM-1 and ICAM-1. The nucleotide 
and deduced amino add sequences of ICAM-1 and 
slCAM-1 are shown beginning at amino acid resi- 
due 435. Dashes in the slCAM-1 sequence indicate 

76 missing nucleotides. The positions of the stop 
codons in both proteins are indicated by an as- 
terisk. 

Figure 3 is a comparison of the structure of 
slCAM-1 and ICAM-1. The membrane spanning 
20 region of ICAM-1 is indicated by the stippled box 
and the cytoplasmic domain by the hatched box. 
The novel Oterminus of slCAM-1 Is indicated by 
the solid box. The five predicted domains showing 
homology with immunoglobulin are numbered I to 

25 V. 

Figure 4 shows the ICAM-1 gene and its 
expression in HRR transfectants. A: Southern blot 
of HeLa (Lane 1), LTK- (Lane 2) and HE1 (Lane 3) 
DNA restricted with Eco R1 and probed with the 

30 oligonucleotide ICAM-1 ;B: Northern blot of HeLa 
(Lane 1), Lkt~(Lane 2), and HE1 (Lane 3). poly A+ 
RNA probed with the oligonucleotide ICAM-1; C: 
PCR amplification of CDNA prepared from HeLa 
(Lane 1). Ltk~ (Lane 2) and HE1 (Lane 3) poly A+ 

os RNA. The primers used were from the N-terminal 
and C-termlnal coding regions of ICAM-1 having 
the sequence ggaattcATGGCTCCCAG- 
CAGCCCCCGGCCC and ggaattcTCAGG- 
GAGGCGTGGCTTGTGTGTT. Upper case denotes 

40 iCAM-1 sequence, lower case restriction site link- 
ers. Lanes 1 and 2, 72 hour exposure. Lane 3. 90 
minute exposure. 

Figure 5 Is a gel showing the detection of 
the ICAM-1 and slCAM-1 mRNAs In HeLa and HE1 

45 cells. PCR amplification was performed on 100ng 
single stranded CDNA using the primers PCR 5.4 
(CTTGAGGGCACCTACCTCTGTCGG) and PCR 
3.4 (AGTGATGATGACAATCTCATACCG). Exten- 
sions were performed at 72 C for 25 cycles and 

so one tenth of the product was analysed on a 1% 
agarose/3% NuSieve gel. Lane 1, HeLa cDNA; lane 
2, HE1 cDNA; lane 3, LTK" cDNA; lane 4, ICAM-1 
phage control:, lane 5, slCAM-1 phage control; lane 
6, ICAM-1 + slCAM-1 phage control. Specific am- 

65 plification products of 105bp and 86bp are in- 
dicated by the arrows. 

Figure 6 is a Western blot showing the syn- 
thesis of a soluble form of ICAM-1 protein by HeLa 
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and HE1 cells. It demonstrates the existence of a 
protein species In the culture supernatant of HeLa 
and HE1 cells related to ICAM-1. Equivalent al- 
Iquots of cell lysates and culture supernatants were 
separated by SDS-PAGE. blotted onto nitrocellu- 
lose, and probed with a rabbit polyclonal antisera 
to ICAM-1 followed by 12S I protein A; a species 
migrating close to the position of membrane-bound 
ICAM-1 is seen In both HeLa and HE1 culture 
supernatants. 

Figure 7 is a graphical representation of the 
cloned slCAM-1 and ICAM-1 plasmids. 

7A. PHRR3 is a full length cDNA encoding 
slCAM-1 obtained by PCR. Clones 19.1-3 and 4.5 
are partial cDNA clones encoding slCAM-1 ob- 
tained from an HE1 cDNA library In lambda GT11. 
Beneath the clones Is a schematic of the slCAM-1 
molecule. S denotes the signal peptide and I to V 
the IgG homologous domains. The solid box in- 
dicates the unique 11 amino acid Oterminus. 

7B. PHRR1 and PHRR2 are full length 
ICAM-1 cDNA clones obtained by PCR. The re- 
maining ICAM-1 clones were obtained from an HE1 
cDNA library in lambda GT11. Beneath the clones 
is a schematic of the ICAM-1 molecule, showing 
the signal peptide (S). the five IgG homologous 
domains (I to V). the transmembrane region (TM) 
and the cytoplasmic domain (C). 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

One aspect of the present invention relates to 
the discovery of a soluble natural binding ligand to 
the receptor binding site of Human Rhinovirus 
(HRV) and which also binds to LFA-1. This soluble 
natural molecule Is related to but distinct from the 
molecule designated "Intercellular Adhesion 
Molecule- 1 " or "ICAM-1 " which is insoluble, bound 
to the cell membrane and possesses a typical 
hydrophobic membrane spanning region and a 
short cytoplasmic tail. The novel protein of the 
present invention has a DNA sequence which in- 
cludes a significant difference from the published 
DNA sequence for ICAM-1. slCAM-1 contains most 
of the extracellular domain of ICAM-1, which in- 
cludes the functional domains for multiple functions 
including HRV and LFA-1 binding, but lacks the 
membrane spanning and cytoplasmic domains. 
slCAM-1 retains the ability to bind HRV and LFA-1 
and Is secreted In a soluble form. The DNA se- 
quence for slCAM-1 contains a deletion of 19 base 
pairs from nucleotide 1465 to 1483 according to 
the numbering of Staunton et al. supra (1988). The 
remainder of the si CAM- 1 clone matches the pub- 
lished ICAM-1 sequence with the exception of a 
substitution of a G for A at nucleotide position 1462 
which changes Glu 442 to Lys, as shown In Figure 



1. The sequence of amino acid residues in a pep- 
tide is designated In accordance with standard no- 
menclature such as Lehninger's Biochemistry . 
Worth Publishers, New York, NY (1970). slCAM-1 

6 is a natural product of HeLa and HE1 cells and 
other human ceils which should have the property 
of binding to and inhibiting the infection of human 
rhinovirus and Coxsackie A viruses. It also has the 
property of binding to LFA-1 and may be used to 

to antagonize adhesion of cells mediated by ICAM- 
1 /LFA-1 binding and thus be useful as a therapeu- 
tic in treatment of inflammation, graft rejection, 
suppression of LFA-1 expressing tumor cells and 
other processes involving cell adhesion. Isolated 

rs and purified s ICAM-1 protein as a therapeutic 
would not possess the immunogenic problems as- 
sociated with foreign proteins. The secretion of a 
soluble naturally occurring protein eliminates the 
problems associated with production and purifica- 

20 tion of an insoluble, cell membrane bound protein, 
since cell lysis is not required and thus continuous 
culture can be employed as well as simplified 
procedures for purification and isolation of sICAM- 
1. 

25 Non-human mammalian cell lines which ex- 

press the major human rhinovirus receptor gene 
have been previously identified and are the subject 
matter of copending U.S. Patent Application No. 
262570 and 262428 filed October 25, 1988, and 

30 include references to the ATCC deposits for the 
cell lines. The major human rhinovirus receptor was 
identified with monoclonal antibodies which inhibit 
rhinovirus infection. These monoclonal antibodies 
recognized a 95 kd cell surface glycoprotein on 

35 human celts and on mouse trans fectan Is express- 
ing a rhlnovirus-binding phenotype. Purified 95 Kd 
protein binds to rhinovirus in vitro . Protein se- 
quence from the 95 kd protein showed an identity 
with that of ICAM-1; a cDNA clone obtained from 

40 mouse transfectants expressing the rhinovirus re- 
ceptor had the same sequence published for 
ICAM-1, except for the G for A change previously 
described. Thus it was determined that the major 
human rhinovirus receptor and ICAM-1 were the 

45 same protein. A transfected mouse L-cell line des- 
ignated HE1 had been isolated which contained 
and expressed the HRR gene or ICAM-1 gene. The 
ICAM-1 terminology has been used although it is 
now recognized that HRR and ICAM-1 are inter- 
so changeable. 

A randomly primed cDNA library was prepared 
In lambda GT11 from HE1 po!yA+ RNA. The li- 
brary was screened in duplicate using two 
oligonucleotides derived from the published se- 

55 quence of ICAM-1. Oligonucleotide ICAM-1 has the 
sequence GAGGTGTTCTCAAACAGCTC- 
CAGCCCTTGGGGCCGCAGGTCCAGTTC and 
oligonucleotide ICAM-3 has the sequence 
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CGTTGGCAGGACAAAGGTCTGGAGCTGGTAGG- 
GGGCCGAGGTGTTCT. 

Eight positive clones were obtained from one 
screen and three were selected for further study. 
DNA sequencing of two of the clones showed iden- 
tity with the published ICAM-1 sequence. The se- 
quence of the third clone, lambda 19.1-3 was sig- 
nificantly different from the other two clones in that 
there was a deletion of 19 bp from nucleotide 1465 
to 1483 according to the numbering of Staunton et 
al. supra. The 19 bp deletion was present in a 
second cDNA, lambda HE1-4.5 and independently 
confirmed using polymerase chain reaction (PCR) 
generated cDNA. Analysis of the cDNA sequence 
predicted the existence of a secreted form of 
ICAM-1 that is generated by an alternative splicing 
mechanism. Western blot identification of sICAM-1 
from culture supernatants of HE1 and HeLa cell 
lines confirm that the sICAM-1 mRNA sequence 
encodes a soluble form of ICAM-1 that does not 
associate with the cell surface but is released into 
the cell medium. An alternatively spliced mRNA 
generating a secreted form of another adhesion 
molecule (NCAM) has been identified (Glower et al, 
Cell 55:955-964 (1988)). although in NCAM an exon 
Is Incorporated into the mRNA while in the present 
Invention an exon is deleted from the mRNA. No 
alternative mRNA sequence for ICAM-1 had pre- 
viously been identified. (Staunton et al.) 



sICAM-1 cDNA Clones 

A randomly primed cDNA library was con- 
structed in lambda GT11 from HE1 poly A+ by 
Clontech Laboratories, Palo Alto, CA. The library 
was screened with two 47 mer oligonucleotide 
probes from the middle of the ICAM-1 coding se- 
quence. A positive clone designated 19.1-3 was 
isolated which had an insert of 1.5 kb; a second 
cDNA clone designated 4.5 which has an insert of 
1.25 kb was isolated; and an additional cDNA clone 
pHRR-3 was obtained by subcloning the products 
of PCR amplification into Bluescript utilizing the 
Perkin-amer/Cetus DNA Amplification System, 
Perkin Elmer, Wellesley MA., as shown in figure 
4C, lane 3. These clones showed a significant 
difference from the published ICAM-1 sequence. 
They all contain a deletion of 19 base pairs from 
nucleotide 1465 to 1483 according to the number- 
ing of Staunton et al, supra. In order to dem- 
onstrate directly that the s-ICAM mRNA is present 
in HE1 cells and HeLa eels, a PCR experiment was 
performed using primers which flank the 19bp re- 
gion which Is absent from the s-ICAM mRNA 
(Figure 8). Using these primers the product from 
the ICAM-1 mRNA is 105 bp while the s-ICAM-1 
product is 19 bp shorter i.e. 86 bp. This experiment 



shows that both HE1 cells and HeLa cells contain 
both forms of the ICAM-1 mRNA while the control 
L-cells do not. A synthetic oligonucleotide des- 
ignated PCR3.2 having the following sequence: 

6 ggaattcTCACTCATACCGGGGGGAGAGCACATT 
was used to distinguish between cDNA clones con- 
taining the 19 bp deletion from clones not contain- 
ing the 19 bp deletion. The synthetic 
oligonucleotide does not bind to cDNA clones 

70 which contain the 19 bp deletion. In addition, partial 
sequence of the cDNA 19.1-3 and PHRR-3 con- 
firmed the 19 bp deletion. This data indicates that 
there are at least two different and distinct ICAM-1 
species in HE1 cells. The insoluble ICAM-1 of the 

75 prior art and a novel soluble form as described in 
the present invention. 

The sequences of the deleted (sICAM-1) and 
the nondeleted (ICAM-1) forms of the Intercellular 
Adhesion Molecule-1 mRNA represented by the 

20 cDNA clones are shown in Figure 2. The sequence 
at the point of deletion is AGGT consistent with an 
RNA splice junction. The removal of 19 bases from 
the mRNA shifts the reading frame and causes the 
two polypeptide sequences to diverge at amio acid 

25 residue 443. The deleted form (slCAm-1) contains 
an additional 11 residues followed by an in-frame 
termination codon. This molecule thus consists of 
453 amino acids as compared to 505 amino acids 
for the nondeleted form. Beginning with the N- 

30 terminus of ICAM-1. sICAM-1 has 442 amino acids 
In common with ICAM-1. The deleted form (sICAM- 
1) contains a unique 11 amino acid C-terminus but 
lacks the membrane spanning (24 amino acids) 
and cytoplasmic tail 28 amino acids) domains of 

35 ICAm-1, as shown in Figure 3. 



ICAM-1 cDNA Clones 

40 A plurality of methods may be used to clone 
genes. One method is to use two partially overlap- 
ping 47mer oligonucleotide probes. These two 
probes termed oligonucleotide ICAM-1 and 
oligonucleotide ICAM-3 were synthesized from the 

46 published ICAM-1 sequence. The ICAM-1 
oligonucleotide was labeled to high specific activity 
and hybridized to a Southern blot under high strin- 
gency conditions. As shown in figure 4A, a single 
band of 4.4 kb was detected in HeLa, HE1 and two 

so primary HRR transfectant cell lines and was absent 
from Ltk~ cells. This result confirms that the HRR 
transfectants contain the human ICAM-1 gene. The 
size of the fragment agrees with Simmons et al but 
differs from Staunton et al probably reflecting a 

55 restriction site polymorphism. 

The ICAM-1 oligonucleotide was used to probe 
a Northern blot of poly A+ RNA from the same 
cell lines. As shown In figure 4B, an mRNA of 3.3 
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kb was detected in HeLa, HE1 f and primary trans- 
fectant ceil lines but was absent from Ltk~ cells. 
The signal In HE1 ceils was many times stronger 
than the other celt lines indicating a much higher 
level of mRNA in HE1 cells. This is in agreement 
with the higher level of HRR (ICAM-1) expression 
in HE1 cells. A second 2.4 kb RNA was also 
detected in HE1 ceils. These data confirm that the 
human ICAM-1 mRNA Is expressed In HRR trans- 
fectants. See figure 4B. 

The human ICAM-1 gene was isolated from the 
HE1 transfectant using polymerase chain reaction 
(PCR) amplification utilizing the Perkin-Elmer/Seats 
DNA Amplification System, Perkin Elmer, Wellesley 
MA. PCR amplification was performed on single 
stranded cDNA made from HeLa, Ltd" and HE1 
RNA. Primers were made from the 5' and 3* cod- 
ing regions of the published ICAM-1 sequence. 
ICAM-1 specific amplification products were de- 
tected by hybridization of a Southern blot of the 
PCR reactions using the ICAM-1 oligonucleotide. 
As shown In figure 4C, a single band of approxi- 
mately 1600 bp which matches the predicted size 
was amplified from HeLa cells and HE1 cells but 
was absent from Ltk~ cells. The amplification prod- 
uct was cloned into Bluescript (Strategene, San 
Diego, CA) and two independent clones designated 
PHRR1 and PHRR2 were obtained. The complete 
sequence of PHRR2 showed 100% Identity with 
the published ICAM-1 coding sequence with the 
exception of a single G to A change previously 
described. 

A lambda GT11 library made from randomly 
primed HE1 cDNA was screened with the ICAM-1 
and ICAM-3 probes and eight positive clones were 
isolated. Six clones as shown in figure 7 were 
selected for further study and were anlayzed by 
partial DNA sequencing. A total of approximately 
1000 nucleotides of sequence derived from these 
clones showed identity with the ICAM-1 sequence. 



Purification and Isolation of Soluble Protein 

HeLa and HE1 cells are grown under standard 
conditions in DMEM (Dulbecco's Modified Essential 
Media) with 10% Fetal Bovine Serum. Conditioned 
media from these cells is harvested and centrffug- 
ed or filtered to remove cells or cellular debris. The 
cell-membrane bound ICAM-1 is not present in the 
supernatant. This media Is then absorbed to a 
monoclonal antibody-sepharose resin (the mon- 
oclonal antibody C78.4A being an example) in 
which the monoclonal antibody is directed to 
ICAM-1 or slCAM-1 and the unabsorbed proteins 
are washed from the resin with a physiological 
saline buffer, such as phosphate-buffered saline. 
The bound slCAM-1 is then eluted under conditions 



that preserve the native conformation of the pro- 
tein, as described in copending application Ser. 
No. 262428 filed October 25, 1988. The sICAM-1 
may be further purified by lectin affinity chromotog- 
5 raphy, ion exchange chromatography, or gel filtra- 
tion. 

mRNA transcribed in vitro from cDNA encoding 
siCAM in the Bluescript vector (Strategene) was 
translated in vitro. In the absence of microsomal 

70 membranes, an unglycosyiated protein with an ap- 
parent MW of 52,000 daftons was obtained; in the 
presence of microsomal membranes, a glycosylat- 
ed species of 72.400 daltons was obtained which 
was sequestered within the microsomal membrane, 

75 Indicating that the sICAM polypeptide is correctly 
translocated, processed, and glycosylated by the 
microsomal membranes. 

cDNA's encoding tmlCAM and sICAM in the 
CDM8 vector (See, B. and Aruffo, A. PNAS 84:3365 

20 (1987) were transfected into COS cells and mouse 
L cells using the DEAE-dextran technique. AT 72 
hr, the cells were analyzed by two methods: (1) 
FACS analysis with anti-ICAM Mab (C78.4) for cell 
membrane expression of ICAM species and (2) 

25 metabolic labeling followed by immunoabsorption 
with anti-ICAM Mab of cell supematants and cell 
lysates. The results from the metabolic labelling 
indicated intracellular accumulation of a 68,000 dal- 
ton species in sICAM-transfected cells but no de- 

30 tectabte secretion of sICAM Into th supernatant. 
These data are consistent with sICAM being se- 
creted through the "Regulated" secretory pathway 
(R. B. Kelly, Science 230:25 (1985)). 

Antibody probes specific for sICAM and for 

as ICAM-1 were prepared. The synthetic peptides S- 
PEP, 

PPGMRLSSSL W(C) 

derived from a unique 1 1 amino acid sequence at 

the Oterminus of sICAM, and P002, derived from 

40 the C-terminus of ICAM-1, 

GTPMKPNTQATP P(C) 
was made and purified; the C-terminal C residues 
in parentheses were added to facilitate coupling of 
the peptides to protein carriers. The synthetic pep- 

46 tide was coupled to KLH (Keyhole Umplt 
Hemocyanin) by standard procedures and the con- 
jugate injected Into rabbits to product anti-peptide 
antisera were shown to specifically bind to, their 
respective peptide immunogens. 

so In connection with the present application the 
following microorganisms have been deposited with 
the American Type Culture Collection: 

A Mammalian ceil line, HE-1 having the ATCC- 
designation CRL 9592. 

55 a Mammalian cell line. HRVRI (HRR!) having the 
ATCC-designation CRL 9593 and 
a Hybridoma cell line, CHI 92.1 A having the ATCC- 
designation HB 9594. 
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Claims 



1. Purified and isolated human soluble intercel- 
lular adhesion molecule-1. or a functional derivative 
thereof. 5 

2. An intercellular adhesion molecule obtained 
from HeLa, Hel, and primary transfectants thereof 
characterized by the following: 

(A) soluble in the absence of detergent and 

(B) being the translation product of the 10 
mRNA sequences as shown in Figure 1. 

3. A purified and isolated DNA sequence char- 
acterized by the DNA sequence encoding human 
soluble intercellular adhesion molecule-1, prefer- 
ably as set forth in Figure 1. rs 

4. A host cell containing the DNA sequence of 
claim 3. 

5. A method of recovering soluble intercellular 
adhesion molecule-1 In substantially pure form 
characterized by the steps of: 20 

(A) removing the supernatant from unlysed 

cells, 

(B) introducing the supernatant to an affinity 
matrix containing immobilized antibody capable of 
binding to sICAM-1, preferably antibodies against 25 
ICAM-1 and sICAM-1, or derivatives thereof, 

(C) permitting said sICAM-1 to bind to said 
antibody of said matrix, 

(D) washing said affinity matrix to remove 
unbound contaminants, and 00 

(E) recovering said sICAM-1 in substantially 
pure form by eluting said sICAM-1 from said ma- 
trix. 

6. The method of claim 5 further characterized 

by introducing the supernatant to a lectin or wheat 35 
germ agglutinin column before or after the super- 
natant is introduced to said antibody column. 

7. An antibody preferably monoclonal, capable 
of binding to sICAM-1 and not binding to insoluble 
ICAM-1, preferably capable of binding to the 11 40 
amino acid sequence C terminus as shown In Fig- 
ure 1. 

8. A pharmaceutical composition for reducing 
the infection of human rhinovirus comprising the 
protein of claims 1 or 2. 45 

9. A pharmaceutical composition for reversing 
Immune dysfunction caused by exces of sICAM-1 
comprising monoclonal antibodies against sICAM-1 
and/or ICAM-1, and/or mixtures thereof. 

10. A pharmaceutical composition for reversing so 
immune dysfunction caused by exces of sICAM-1 
comprising purified LFA-1 or functional deriviates 
thereof. 
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58 ATCGCTCCCACCACCCCCCCCCCCCCCCTCCCCCCACTCCTCCTCCTGCTCCCCGCTCTG 
MAP S SPRPALPALLVLLGAL 



118 TTCCCAGGACCTGGCAATGCCCAGACATCTGTGTCCCCCTCAAAAGTCATCCrGCCCCGG 
FPGPGNAQ*TSVSPSKVILPR 



178 GGAGGCTCCGTGCTGGTGACATGCAGCACCTCCTGTGACCAGCCCAAGTTGTTGGGCATA 
GGSVLVTCSTSCDQPKLLGI 



238 GACACCCCGTTGCCTAAAAAGGAGTTGCTCCTGCCTGGGAACAACCGGAAGGTGTATG- 
E T P LPKKELLLPGNNRKVYE 



298 CTGAGCAATGTGGAAGAAGATAGCCAACCAA 

LSNVQEDSOPMCYSNCPDGQ 



35 8 TCAACAGCTAAAACCTTCCTCACCGTGTACTGGACTCCAGAACGGGTGGAACTGGCACCC 
STAKTFLTVYWTPERVELAP 



418 CTCCCCTCTTGGCAGCCAGTGGGCAAGA&CCTTACCCXACGCTGCCAGG 

LP SKQPVGKNLTLRCQVEGG 



478 GCACCCCGGGCCAACCTCACCGTGGTGCTGCTCCGTGGGGAGAAGGAGCTGAAACGGGAG 
A.PRAHLTVVLLRGEKELKRE 



538 CCAGCTGTGGGGGAGCCCGCTGAGGTCACGACCACGGTGCTGGTGAGGAGAGATCACCAT 
PAVGEPAEVTTTVIiVRRDHH 



598 GGAGCCAATTTCTCGTGCCGCACTGAACTGGACCTGCGGCCCCAAGGGCTGGAGCTGTTT 
GANFSCRTEZ.DLRPQGI.EZ»F 



€58 GAGA&CACCTCGGCCCCCTACCACCTCCAGACCT^ 

ENT SAPYQLQTFVLPATPPQ 



718 CTTGTCAGCCCCCGGGTCCTAGAGGTGGACACGCAGGGGACCGTGGTCTGTTCCCTGGAC 
LVSPRVLEVDTQGTVVCS LD 



778 GGGCTGTTCCCAGTCTCGGAGGCCCAGGTCCACCTGGCACTGGGGGACCAGAGGTTGAAC 
GLFP VSEAQVHLALGDQRLN — 
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838 CCCACAGTCACCTATGGCAACGACTCCTTCTCGGCCAAGGCCTCAGTCAGTGTGACCGCA 897 

PTVTYGHDSFSAKASVSVTA 253 

898 GAGGACGAGGGGACCCAGCGGCTC&CGTGTGCAGTAATACTGGGG 957 

EDEGTQRLTCAVILGNQSQE 273 



958 ACACTGCAGACAGTGACCATCTACAGCTTTCCGGCGC^^ X 0 17 

TIiQTVTXYSFPAPNVXIi TKP 293 



1018 GAGGTCTCAGAAGGGACCGAGGTGACAGTGAAGTGTGAGGCCCACCCTAGAGCCAAGGTG 1 077 

EVS E GTEVTVKCEAHPRAKV 313 

1078 ACGCTGAATGGGGTTCCAGCCCAGCCACTGGGCCCGAGGGCCCAGCTCCTGCTGAAGGCC 1 137 

TI*N GVPAQPI*GPRAQI*I*I#KA 333 

1138 ACCCCAGAGGACAACGGGCGCAGCTTC7CCTGCTCTGCAACCCTGGAGGTGGCCG 1197 

TPEDN GRSFSCSATX.EVAGQ 353 



1198 CTTAXACACAAGAACCAGJUXCGGGAGCTTCGTGTCCT 1257 
LIHKNQTRELRVLYGPRLDE 373 



1258 AGGGAT7GTCCGGGAAAC7GGACGTGGCCAGAAAATTCCCAGCAGACTCCAATGTGCCAG 1317 

RDCPGNWTKPBNSQQTPMCQ 393 

1318 GCTTGGGGGAACCCATTGCCCGAGCTCAAGTGTCTAAAGGATGGCACTTTCCCAC7GCCC 1377 

AKGNPLPEX.KCLKDGTFPLP 413 



137 8 ATCGGGGAATCAGTGACTGTCACTCGAGATCTTGAGGGCACCTACCTCTGTCGGGCCAGG 1437 
IGESVTVTRDLEGTXLCRAR 433 



1438 AGCACTCAAGGGGAGGTCACCCGCAAGCCCCCCGGTATGAGATTGTCATCATCACTGTGG 1497 
STQGEVTRKPPGMRLSSSLW 453 



1498 TAG 1500 

FIG.Ib 



EP 0 379 904 A1 



COMPARISON OF C- TERMINAL REGIONS OF ICAM-1 AND 3 I CAM- 1 



1441 ACTCAAGGGGAGGTCACCCGCAAGGTGACCGTGAATGTGCTCTCCCCCCGGTATGAGATT 

435 TQGEVTRKVTVNVLSPRYE I 

1441 ACTCAAGGGGAGGTCACCCGCAAG CCCCCCGGTATGAGATT 

435 TQGEVTRK P P G M R L 



1501 GTCATCATCACTGTGGTAGCAGCCGCAGTCATAATGGGCACTGCAGGCCTCAGCACGTAC 

455 VI ITVVAAAVIMGTAGLSTY 

1482 GTCATCATCACTGTGGTAGCAGCCGCAGTCATAATGGGCACTGCAGGCCTCAGCACGTAC 
449 S S S L W * 



1561 CTCTATAACCGCCAGCGGAAGATCAAGAAATACAGACTACAACAGGCCCAAAAAGGGACC 
475 LYNRQRKIKKYRLQQAQKGT 

1542 CTCTATAACCGCCAGCGGAAGATCAAGAAATACAGACTAGA&CAGGCC 



1621 CCCATGAAACCGAACACACAAGCCACGCCTCCCTGAACCTATCCCGGGACAGGGCCTCTT 
495 PMKPNTQATPP * 

1602 CCCATGAAACCGAACACACAAGCCACGCCTCCCTGAACCTATCCCGGGACAGGGCCTCTT 



UPPER LINES x ICAM-1 cDNA SEQUENCE AND TRANSLATION 
LOWER LINES t 8 ICAM-1 cDNA SEQUENCE AND TRANSLATION 



FIG.2 
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FIG.5 



EP 0 379 804 A1 



O 

111 HI 
—J ID 



LU 

o o 



OR!.-, 

200- 
97-. 
68- , 

43- 



52 



Ui 

<p o LU 

XX x 

I 



2 

Q 

LU 

LU 
CC 
=) 

r> 
o 

UJ 
X 

I 



I ! 



25- 
18- 



FIG.6 



EP 0 379 904 A1 




J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application number 



'.V 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 90100557.9 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 

to claim 



CLASSIFICATION OF THE 
APPLICATION lint CI 



D,X 



P.X 



D,X 



P.X 



EP - A2 - 0 289 949 
(DANA FARBER CANCER 
INSTITUTE) 

* Abstract; claims 1,10,13, 
14,35,36; fig. 8 * 

EP - A2 - 0 314 863 

(BAYLOR COLLEGE OP MEDICINE) 

* Claims * 

NATURE, vol. 331, no. 6157, 
February 1988, London 
D. SIMMONS et al. "ICAM, an 
adhesion ligand of LFA-1, 
is homologous to the neural 
cell adhesion molecule NCAM" 
pages 624-627 

* Totality * 

CELL, vol. 52, no. 6, 
March 25, 1988, Cambridge, 
Mass . , USA 

D.E. STAUNTON et al. "Primary 
Structure of ICAM-1 
Demonstrates Interaction 
between Members of the 
Immunoglobulin and Intergrin 
Supergene Families" 
pages 925-933 

* Page 927 * 



1-10 



1.8-K 



1,3 



1.3 



•.v 



Tits present search report has been drawn up tor all claims 



C 07 K 13/00 
C 12 N 15/12 
C 12 P 21/00 
C 12 P 21/08 
C 12 N 5/10 
A 61 K 37/02 
A 61 K 39/395 



TECHNICAL FIELDS 
SEARCHED <tnt CII 



C 07 K 

C 12 N 
C 12 P 
A 61 K 



I of 

VIENNA 



Date of co m pletio n of ttieasarch 

22-03-1990 



ExsWntncf 



WOLF 



8 
8 



CATEGORY OF CITED DOCUMENTS 



X: particularly relevant if taken alone 

Y : particularly relevant if combined with rather 

document of the seme category 
A . technological background 
O: rum-written disclosure 
P : intermediate document 



T : theory or principle underlying tta invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document ated in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



